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Background: There is virtually no evidence to guide surgeons and patients when faced with an absence
of pathology for acute lower abdominal pain. This study aimed to compare diagnostic laparoscopy alone
to laparoscopic removal of a normal appendix in patients with acute lower abdominal pain but an
absence of pathology.Method: Retrospective analysis of routinely collected hospital data from all English
acute hospitals performing emergency appendicectomy between 01/04/2002 and 31/03/2012. Patients
admitted as emergencies with lower abdominal pain undergoing diagnostic laparoscopy (with no other
procedure or associated diagnosis) were compared to those undergoing laparoscopic normal appendi-
cectomy. The primary outcome measure was emergency readmission for abdominal pain during the 12
period after index surgery. Multivariable binary logistic regression was used to produce adjusted odds
ratios (OR and bootstrapped 95% conﬁdence intervals). Result: 10,072 patients undergoing diagnostic
laparoscopy were compared to 9665 undergoing laparoscopic normal appendicectomy. Overall, 32.9%
(n ¼ 6499/19,737) were readmitted as an emergency for abdominal pain during the 12 months after
index surgery. Following risk-adjustment, laparoscopic normal appendicectomy was associated with 44%
reduced odds of readmission (adjusted OR 0.56, 0.50e61). In the diagnostic laparoscopy group, 2.1% of
patients (213) required subsequent appendicectomy, which was abnormal in 47.4% (101/213) cases.
Conclusion: This study suggests that removal of a laparoscopically normal appendix, when no other
pelvic pathology is visible, may reduce one-year readmission rates. Although limited through selection
bias from routinely collected data, this study provides evidence for practicing surgeons and information
for methodologists to power a future trial.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Emergency appendicectomy for acute appendicitis is the com-
monest general surgical operation, with over 50,000 procedures
per year in the United Kingdom (UK) and 250,000 in the UnitedSurgery, Room 29, 4th Floor,
5 2TH, UK.
hangu).
by Elsevier Ltd. All rights reservedStates of America [1,2]. Normal appendicectomy rates vary from 6%
to 30% internationally which is dependent on access to technology,
including high volume use of pre-operative computed tomography
and intra-operative laparoscopy [3e7]. Acute non-speciﬁc
abdominal pain, where no ﬁnal pathology is found, is responsible
for over 50% of acute admissions for lower abdominal pain and
contributes to the negative appendicectomy rate [8]. There is
virtually no evidence to guide surgeons and patients when faced
with an absence of pathology for acute lower abdominal pain..
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cause of acute lower abdominal pain have risks and beneﬁts. Whilst
active observation may prolong length of stay [9], early computed
tomography exposes young patients to radiation [10]. Laparoscopy
is diagnostic, immediately therapeutic and radiation sparing, but
requires dedicated resources [11]. At laparoscopy, surgeons may be
faced with a macroscopically normal appendix and must decide
whether to remove it or not. Whilst removal may unmask hidden
intraluminal inﬂammation, the 10% post-normal appendicectomy
complication rate (including a 1% reoperation rate) needs to be
clearly justiﬁed to patients [4]. There is currently no high quality
evidence to guide surgeons or patients in this decision.
Surgeon practice is consequently divided on whether to remove
a laparoscopically normal appendix, with one-third opting to leave
it in situ; the majority of surgeons feel that there is no clear guid-
ance on this topic [12,13]. The highest quality evidence will be
provided by a randomised controlled trial, which can provide ac-
curate information on post-operative adverse event rates, return to
work and quality of life. However a lack of current information
means that justifying and powering such a trial is not currently
possible. Our study tested the pre-speciﬁed hypothesis that lapa-
roscopic emergency normal appendicectomy is equivalent to
diagnostic laparoscopy for acute lower abdominal pain in the
absence of other pathology. Although the limitations of using
routinely collected data to test this hypothesis were considered
prior to proceeding, such an analysis would provide meaningful
evidence for practicing surgeons and information for methodolo-
gists to power a future trial.
2. Methods
2.1. Patients
This retrospective observational study used routinely collected
data from English public hospitals for the ﬁnancial years 2002/2003
to 2011/2012 (start date 01/04/2002; end date 31/03/2012),
accessed via the Hospital Episode Statistics (HES) database. Epi-
sodes of care for each admission were linked, creating a single,
continuous period of care for each patient. Male and female pa-
tients aged 10e50 years were included, representing the target age
range. HES datawas supplied by Health and Social Care Information
Centre under a Data Re-Usage Agreement with University Hospital
Birmingham.Table 1
Cohort demographics.
Diagnostic laparosco
n/mean %/
Age (mean, 95% CI) 26.1 25
Sex Female 9241 91
Ethnicity White 7746 76
Non-white 751 7.
Unknown 1575 15
Index of multiple deprivation 1 (least deprived) 2854 28
2 2237 22
3 1816 18
4 1637 16
5 (most deprived) 1454 14
6 (unknown) 74 0.
Comorbidity One or more comorbidity 990 9.
Admission for acute abdominal
pain during previous 12 months
924 9.
Previous hospital volumea 0e149 2028 20
150e299 5013 49
300þ 2921 29
Unknown 110 1.
a Number of appendicectomies performed in the patient's hospital during the previou2.2. Procedures
This study compared diagnostic laparoscopy for emergency
acute lower abdominal pain as the control group to laparoscopic
emergency normal appendicectomy as the experimental group. The
control group included patients admitted as emergencies with a
diagnosis of acute abdominal pain (International Classiﬁcation of
Diseases, 10th revision [ICD-10] R10.0 (acute abdomen), R10.2
(pelvic and perineal pain), R10.3 (pain localised to other parts of
lower abdomen) and R10.4 (other and unspeciﬁed abdominal
pain); those with upper abdominal pain (ICD-10 R10.1) were
excluded). These diagnoses were linked with an Ofﬁce of Popula-
tion Censuses and Surveys, Classiﬁcation of Surgical Operations and
Procedures (OPCS4) code indicating diagnostic laparoscopy (T43.9),
whilst those undergoing any additional or concurrent procedure on
that admission were excluded.
Patients in the experimental group were those undergoing
emergency excision of a normal appendix (OPCS4 H01.3) linked
with a laparoscopic secondary code (Y50.8 or Y75.1 to Y75.9). Pa-
tients with abnormal appendix histopathology (H01.1, H01.2, H01.8,
H01.9, H02.1e02.9, H03.1eH03.9) were excluded.
2.3. Outcomes
The primary outcome measure was chosen to be relevant to
patients, and was taken as emergency readmission to hospital for
acute abdominal pain over the 12-month period after surgical
intervention (ICD-10 R10.0, R10.2, R10.3, R10.4). At least one
emergency readmission was counted as achieving this outcome;
multiple readmissions were only counted as achieving this
endpoint once per patient. Secondary outcome measures were
length of stay at index admission and subsequent emergency ap-
pendicectomy rate in the control group.
2.4. Statistical analysis
Differences between demographic groups were tested with the
c2 test for categorical data or unpaired t-test for continuous data;
continuous data was tested for normality. Multivariable binary lo-
gistic regression was used to risk-adjust the procedure performed
for inﬂuencing variables, to produce adjusted odds ratios (OR) and
95% conﬁdence intervals (CI) using bootstrapping methods. Vari-
ables entered into these models for adjustment were those judgedpy (N ¼ 10072) Laparoscopic normal appendicectomy (N ¼ 9665) p-Value
95% CI n/mean %/95% CI
.9e26.3 23.8 23.6e23.9 <0.001
.8% 7043 72.9% <0.001
.9% 7788 80.6% <0.001
5% 605 6.3%
.6% 1272 13.2%
.3% 2076 21.5% <0.001
.2% 1982 20.5%
.0% 1916 19.8%
.3% 1750 18.1%
.4% 1849 19.1%
7% 92 1.0%
8% 1134 11.7% <0.001
2% 509 5.3% <0.001
.1% 898 9.3% <0.001
.8% 4380 45.3%
.0% 4381 45.3%
1% 6 0.1%
s 12 months.
Table 2
Demographic differences between those not readmitted and those readmitted.
Not readmitted (N ¼ 16830) Readmitted (N ¼ 2907) p-Value
n/mean %/95% CI n/mean %/95% CI
Age (mean, 95% CI) 25.2 25.0e25.3 23.6 23.3e23.9 <0.001
Treatment Control 8198 48.7% 1874 64.5%
Experimental 8632 51.3% 1033 35.5% <0.001
Sex Female 13,670 81.2% 2614 89.9% <0.001
Ethnicity White 13,115 77.9% 2419 83.2% <0.001
Non-white 1203 7.2% 153 5.3%
Unknown 2512 14.9% 335 11.5%
Index of multiple deprivation 1 (least deprived) 4096 24.3% 834 28.7% <0.001
2 3536 21.0% 683 23.5%
3 3207 19.1% 525 18.1%
4 2965 17.6% 422 14.5%
5 (most deprived) 2880 17.1% 423 14.6%
6 (unknown) 146 0.9% 20 0.7%
Comorbidity One or more comorbidity 1707 10.1% 417 14.3% <0.001
Admission for acute abdominal
pain during previous 12 months
987 5.9% 446 15.3% <0.001
Previous hospital volumea 0e149 2490 14.8% 436 15.0% 0.762
150e299 8013 47.6% 1380 47.5%
300þ 6232 37.0% 1070 36.8%
Unknown 95 0.6% 21 0.7%
a Number of appendicectomies performed in the patient's hospital during the previous 12 months.
Table 3
Adjusted binary logistic regression model for emergency readmission with
abdominal pain.
Odds ratio
(95% CI)
p-Value
Age (years) 10e19 Ref
20e24 0.90 (0.81e1.00) 0.046
25e29 0.79 (0.70e0.89) <0.001
30e34 0.63 (0.54e0.73) <0.001
35e39 0.56 (0.47e0.68) <0.001
40e44 0.57 (0.47e0.73) <0.001
45e50 0.41 (0.32e0.56) <0.001
Sex Male Ref
Female 1.58 (1.37e1.80) <0.001
Year of admissiona 1.01 (1.00e1.03) 0.146
Ethnicity White Ref
Non-white 0.68 (0.58e0.83) <0.001
Unknown 0.76 (0.67e0.87) <0.001
Index of multiple
deprivation
1 (least deprived) Ref
2 0.99 (0.88e1.12) 0.878
3 0.86 (0.76e0.97) 0.017
4 0.75 (0.66e0.86) <0.001
5 (most deprived) 0.80 (0.71e0.92) 0.001
6 (unknown) 0.74 (0.48e1.35) 0.232
Comorbidity None Ref
One or more
comorbidity
1.46 (1.31e1.66) <0.001
Admission for acute
abdominal pain during
previous 12 months
No Ref
Yes 2.78 (2.39e3.26) <0.001
Previous hospital volumeb 0e149 Ref
A. Bhangu et al. / International Journal of Surgery 12 (2014) 1374e13791376to be clinically plausible and that may inﬂuence outcome, irre-
spective of statistical signiﬁcance. These models included age,
gender and ethnicity. To take account of the effect of pre-existing
pain, patients were stratiﬁed into those with no prior admissions
for acute abdominal pain in the previous year and thosewith one or
more admissions. Index of Multiple Deprivation (IMD) 2007 score,
based on postcode of residence, was included (1 ¼ most deprived
area, 5 ¼ least deprived) [14]. Due to the expected low comorbidity
rate in patients of the selected age range, patients were classiﬁed as
either having comorbidity (one or more point on the Charlson
Comorbidity scale [15]) or without comorbidity. The hospital's
previous year appendicectomy volume was used to adjust for po-
tential unmeasured differences between local hospital practices.
This rate was presented per patient rather than per hospital, as
individual hospital rates may have changed over time requiring
interpretation of multiple values. Financial year of admission was
included as a continuous variable to adjust for unmeasured changes
in practice over time. Multilevel models were also created, which
take account of patient clustering within different hospitals, and
were compared to results from ﬁxed models. At the ﬁxed level was
the patient, with the hospital at the random level.
All second order interactions were examined and those that
signiﬁcantly inﬂuenced the model were retained. Pre-planned
subgroup analyses were performed for those with and without
prior emergency admission for abdominal pain in the preceding 12
months, and for female patients only. Due to its importance, pa-
tients with missing age data were excluded and the frequency re-
ported. Missing data for other variables was described and
included. Model discrimination was assessed using the area under
the receiver operating curve, to produce a C statistic. Data handling,
analysis and modelling was performed using the R Foundation
Statistical Programme 3.0.2.150e299 1.07 (0.95e1.21) 0.262
300þ 1.17 (1.04e1.34) 0.013
Unknown 1.13 (0.74e2.02) 0.638
Treatment Diagnostic laparoscopy Ref
Laparoscopic normal
appendicectomy
0.56 (0.50e0.61) <0.001
An interaction term for treatment group*previous admission was included
(p < 0.001).
a Per one year increase.
b Number of appendicectomies performed in the patient's hospital during the
previous 12 months. Model discrimination: C-statistic 0.65.3. Results
3.1. Demographics
Over the 10-year study period, 10,072 patients underwent
diagnostic laparoscopy and 9665 underwent laparoscopic normal
appendicectomy. Most were female (82.5%, 16,284/19,737) and 7.3%
(1433/19,737) had an admission for acute abdominal pain in the
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treatment group are shown in Table 1; 17 patients (0.07% of total
cohort) with an unknown age were excluded.
3.2. Outcomes
Emergency readmission for acute abdominal pain occurred in
14.7% (2907/19,737) of patients, which was signiﬁcantly higher in
the diagnostic laparoscopy (18.6%, 1874/10,072) versus normal ap-
pendicectomy group (10.7%, 1033/9665, p < 0.001). Other de-
mographic differences between those readmitted and those not are
shown in Table 2. The mean length of stay for the index admission
was signiﬁcantly shorter for those undergoing appendicectomy
(3.01 days, 95% CI 2.98e3.06) compared to those undergoing
diagnostic laparoscopy (3.48 days (95% CI 3.43e3.54, p < 0.001)). In
the diagnostic laparoscopy group, 2.1% of patients (213/10,072)
required subsequent appendicectomy, which was abnormal in
47.4% (101/213) cases. There were no 30-day mortalities.
After risk adjustment, laparoscopic normal appendicectomywas
associated with reduced emergency readmission for acute
abdominal pain at one year (adjusted OR 0.56, 0.50e61, p < 0.001,
Table 3). Model discrimination performance measured with the C-
statistic was 0.65. This was consistent in patients without previous
admission for abdominal pain (n ¼ 18,304, adjusted OR 0.55,
0.50e0.61, p < 0.001). The effect magnitude was greater in those
with previous readmission (n ¼ 1433, adjusted OR 0.36, 0.27e0.48,Table 4
Adjusted multilevel binary logistic regression model for emergency readmission
with abdominal pain. Patient factors were entered at the ﬁxed level, with hospital at
the random level.
Odds ratio (95% CI) p-Value
Age (years) 10e19 Ref
20e24 0.90 (0.81e1.00) 0.045
25e29 0.79 (0.70e0.89) <0.001
30e34 0.63 (0.54e0.73) <0.001
35e39 0.56 (0.47e0.67) <0.001
40e44 0.57 (0.46e0.70) <0.001
45e50 0.41 (0.31e0.55) <0.001
Sex Male Ref
Female 1.60 (1.40e1.83) <0.001
Year of admissiona 1.01 (1.00e1.03) 0.120
Ethnicity White Ref
Non-white 0.69 (0.57e0.82) <0.001
Unknown 0.76 (0.67e0.86) <0.001
Index of Multiple
Deprivation
1 (least deprived) Ref
2 1.00 (0.89e1.12) 0.998
3 0.86 (0.76e0.98) 0.022
4 0.76 (0.66e0.86) <0.001
5 (most deprived) 0.80 (0.70e0.92) 0.001
6 (unknown) 0.76 (0.47e1.23) 0.264
Comorbidity None Ref
One or more
comorbidity
1.47 (1.30e1.65) <0.001
Previous admission No Ref
Yes 2.76 (2.39e3.20) <0.001
Previous hospital
volumeb
0e149 Ref
150e299 1.06 (0.93e1.20) 0.380
300þ 1.17 (1.01e1.34) 0.031
Unknown 1.20 (0.71e2.04) 0.501
Treatment Diagnostic laparoscopy Ref
Laparoscopic normal
appendicectomy
0.55 (0.50e0.61) <0.001
An interaction term for treatment group*previous admission was included
(p < 0.001).
a Per one year increase.
b Number of appendicectomies performed in the patient's hospital during the
previous 12 months. Model discrimination: C-statistic 0.66.p < 0.001). The multilevel models showed almost exactly identical
results, with all adjusted odds ratios being within 0.1 of those from
ﬁxed models (Table 4). Model discrimination performance
measured with the C-statistic was 0.66.
The reduction in emergency readmission rates was seen in fe-
males only (n¼ 16,284, adjusted OR 0.56, 0.50e0.62, p < 0.001) and
in females only without previous admission (n ¼ 14,960, adjusted
OR 0.55, 0.50e0.61, p < 0.001).
4. Discussion
This study found that patients undergoing laparoscopic normal
appendicectomy were 44% less likely to be readmitted at one year
with acute abdominal pain compared to those undergoing diag-
nostic laparoscopy alone, when no other pathology was present.
The marginal length of stay difference (0.46 days) is likely to be of
limited signiﬁcance to both clinicians and patients.
The key strength of this study is the multicentre nature and the
high numbers of patients, especially when compared to previous
evidence comprising of single centres and low numbers [16e18].
The selection of the primary endpoint from this surgical outcome
study is patient centred, which greatly increases its relevancewhen
compared to short-term surgeon relevant measures. Readmission
for acute abdominal pain over a 12-month period is relevant to
people of school and work age, to employers, to physicians and to
clinical commissioners.
The key limitation is the selection bias from this administrative
data relating to the diagnostic laparoscopy group, where assump-
tions of indication for surgery and intra-operative diagnosis are
required for interpretation. In order to make this group as relevant
as possible, patients with additional pathologies/procedures or
upper abdominal pain were excluded, leaving only those with a
ﬁnal coded diagnosis of acute non-speciﬁc lower abdominal pain
with an emergency admission, stratiﬁed by the presence of previ-
ous admissions. Coding for the laparoscopic normal appendicec-
tomy group has been previously used to analyse normal
appendicectomy rates in the UK and is reliable [19]. There were still
demographic differences between these groups, which were partly
accounted for through multivariable regression techniques. There
were no 30-days mortalities despite the large cohort, which is ex-
pected from the patient group being considered, providing further
indirect validation of coding selection.
This study was unable to determine the short-term safety of
laparoscopic normal appendix invasive technique, compared to a
more conservative diagnostic only approach, although an overall
slight reduction in length of stay suggests an absence of major
adverse events. Whist traditionally considered safe, a recent UK
based multicentre cohort study revealed that open and laparo-
scopic normal appendicectomy were separately associated with a
10% overall adverse event rate and a 1% reoperation rate [4]. This
may place surgeons at additional medicolegal risk, especially in the
absence of histopathological abnormality [20]. Surgeons should be
able to justify this risk to patients when opting to remove an ap-
pendix, which they may accept in light of reduction of subsequent
readmission.
The current published literature surrounding this issue is con-
tradictory [16e18]. A now out-dated systematic review included
4281 diagnostic laparoscopies from 1978 to 1998 identiﬁed a false-
negative rate of only 3%, although none were dedicated assess-
ments of surgeon versus histopathology ﬁndings [16]. More
recently, a single centre study of 876 patients over three years
identiﬁed a false negative rate (i.e. clinical opinion normal, histo-
logically inﬂamed) of 33.1% (47/139) [17]. Another recent study
analysed 259 laparoscopic appendicectomies over 12 months,
where a correct intra-operative decision was made in 217 (87%)
A. Bhangu et al. / International Journal of Surgery 12 (2014) 1374e13791378[18]. Of the remaining 42, 29% (12) of appendices thought to be
macroscopically normal were histologically inﬂamed. However the
retrospective nature of these studies is likely to have masked cases
in which surgeons lacked true equipoise (who would have been
unsuitable for diagnostic laparoscopy alone), meaning true false
negative rates may be lower. This contradictorily evidence has led
to an unequal practice amongst surgeons, with surveys showing
that two thirds opting to remove a laparoscopically normal ap-
pendix and a third leaving it in situ [12,13].
A key concern about leaving in place a macroscopically normal
appendix is the risk of missing inﬂammation. Standardisation could
be introduced by validation of two new structured laparoscopic
scoring systems, which may be able to accurately identify normal
appendixes that can be safely left in situ [21,22]. The ﬁndings of the
present study can also be used to support the 30% of surgeons who
currently choose to leave the appendix in situ as a safe approach, as
only 2.1% of patients required subsequent appendicectomy. Leaving
in situ a macroscopically normal appendix with only intra-luminal
inﬂammation may be safe, especially in presence of intravenous
antibiotics, even if it may not reduce readmissions.
This study found that white ethnicity and less deprived patients
were more likely to undergo appendicectomy rather than lapa-
roscopy alone; subsequently, non-white patients were less likely to
be readmitted with acute abdominal pain. Although this study was
not able to directly identify the reasons for these disparities, it
represents a variation in care based on ethnicity and wealth.
Experience can be extrapolated from North American studies that
have identiﬁed non-white ethnicity as a risk factor for perforation,
complications and longer hospital stays, which may be due to dif-
ﬁculties with access to care and delayed presentation [23].
In the United States of America, 60.5% of appendicectomies are
performed laparoscopically according to the Nationwide Inpatient
Sample (NIS), with the rate increasing from 43.3% in 2004 to 75% in
2011 [24]. With a conversion rate of only 6.3%, it can be considered
as an established procedure. Whilst the ﬁndings of the present
study might be considered relevant in the USA with a high use of
laparoscopic appendicectomy, there are other important healthcare
culture differences that affect its generalisability. Most importantly,
analysis of 3540 appendicectomies form the Surgical Care and
Outcomes Assessment Programme (SCOAP) in Washington
State illustrates that 86% of patients underwent pre-operative im-
aging, 91% of whom underwent computed tomography [3] (CT);
this is in contrast to 12.9% of patients in the UK undergoing pre-
operative CT [4]. In the USA, this resulted in a low negative ap-
pendicectomy rate of 6% [3], compared to 20.6% in the UK [4].
However, few analyses contain information on patients undergoing
diagnostic laparoscopy alone (including the NIS and SCOAP data),
which may represent patients who are readmitted more frequently
than expected in order to drive low negative appendicectomy rates.
Thus by including this group, the present study still adds value to
the international literature and will be relevant to a wide scope of
surgeons.
Although a large effect size was seen in this study, the biases
justify the need for a pragmatic, multicentre, randomised trial to
provide the best possible future guidance for patients and surgeons.
There are currently no registered randomised trials on Pubmed, the
Cochrane Library, Google Scholar, ClinicalTrials.gov or Controlled-
trials.com, and none are being delivered through the UK Clinical
Research Network portfolio or trainee National Surgical Research
Collaboratives. A multicentre, prospective validation of a laparo-
scopic scoring system to help surgeons identify an appendix which
is safe to leave is in progress (clinicaltrials.gov identiﬁer:
NCT02029781), but with a retrospective control group, this still will
not provide the best possible evidence. The information and effect
sizes from the present study can be of use to power such a futuretrial. It should accurately determine post-operative adverse event
rates, have built in pathological quality assurance, have long-term
readmission data and include quality of life analysis. The ﬁndings
from this trial would be most relevant to policy-makers if cost
savings can be proved, which should be analysed prospectively. For
hospital systems, these could come in the form of reduced index
length of stay (through more prompt operation) and reduced
subsequent emergency readmission. The ability to reduce time off
work for patients may also be more broadly relevant to commis-
sioners and patients.
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